Purpose: This study aimed to characterize the effect of bovine hydroxyapatite particles (HA) on the early stages of bone repairing in a rat femur defect model.
Introduction
The bone resorption normally associated with socket healing after tooth extraction can compromise the optimal positioning for dental implant placement. Therefore, several bone grafting have been used into fresh extraction sockets to the reestablishment of the alveolar ridge before the implant installation. The grafting materials are classified in four groups according to its source: autogenous (obtained from the same individual); allogenic (obtained from another individual within the same specie); alloplastic (synthetically produced); or xenogenic (obtained from another species) (1-4).
Autogenous bone is considered gold standard grafting material due to its ideal biologic properties, satisfying the osteogenic, osteoconductive and osteoinductive requirements (1,2). It has being used in procedures for bone augmentation of atrophic maxillas and mandibles, surgery reconstructions and guided regeneration (5). However, the need of different surgical sites intervention, limited bone availability, higher morbidity, and longer recovery period are disadvantages that usually lead to the search for alternative biomaterials (5,6).
Allogenic grafts are usually obtained from human bone bank and represent an alternative to the autogenous bone; however, the possibility of viral transmission and the risk of immunological reaction, favoring a higher resorption, limit their use (2). On the other hand, alloplastic materials, consisting of synthetic inorganic minerals obtained by calcium phosphates such as tricalcium phosphate and hydroxyapatite, do not have these disadvantages. However, alloplastic biomaterials are only osteoconductive and consequently do not have the potential of repairing critical size defects (7).
Xenogenic graft biomaterial is usually a bovine bone that is properly processed for deproteinization. This material mainly consists of bovine hydroxyapatite and has osteoconductive and osteoinductive properties (4, 8) , allowing the new bone tissue to grow in the space between its mineral particles (4). Despite of its high success rates (9) the histological benefits involving its initial healing in bone defects is not yet clarified. Therefore, the aim of this study was to assess the effect of bovine hydroxyapatite filling on the early stages of bone repairing in a non-critical rat femur defect model.
Methods

Experimental design
Non-critical bone defects were surgically created on both femurs of 25 Wistar rats. The left femur defects (experimental group -EG) were filled with bovine hydroxyapatite (Genox ® Inorg, Baumer, SP, Brasil) and the right defects were just let to fill with blood (control group -CG). 
Femur defect model
After approval by the local ethics committee on animal research, 25 male Wistar rats, weighing between 160 and 220 g, were kept in an environment with controlled temperature, light cycle and humidity. They were kept in groups of four per cage and received standard food and water "ad libitum".
The animals were sedated with 2% xylasine hydrochloride (0.30ml/100g, ip -Rompum ® ; Bayer, São Paulo, Brazil) and anesthetized with ketamine chloride (0.15ml/100g, ipVetanarcol ® ; König, Avellaneda, Argentina) five minutes later. The femur bones were surgically exposed with a 40 mm longitudinal incision, dissecting skin, muscle and periosteum. Then, a non-critical bone defect (2 mm diameter x 1 mm deep) was made at the medial third of the lateral face of each femur using a round hand steel bur with 2 mm diameter (KG Sorensen; São Paulo, Brazil). Profuse irrigation with sterile phosphate-buffered saline (PBS) was maintained throughout the drilling. After washing both surgical sites with PBS, the left femoral cavity was filled with hydroxyapatite while the right one was left to fill with blood. The muscles and periosteum flaps were repositioned, covering the bone defect, and sutured with Vicryl 4-0 (J&J Ethicon; São José dos Campos, Brazil) while the skin flaps were closed with nylon sutures.
Histological and histomorphometric evaluations
The femurs were subsequently extracted and a segment including the bone defect region and 2 mm of adjacent healthy bone was cut transversely using a diamond saw and immediately immersed in 10% buffering formaldehyde solution for 24 h and decalcified in 10% EDTA solution. The specimens were embedded in paraffin and the serial sections (6 µm thickness) representing the experimental sites were cut with microtome in a mesio-distal plane and parallel to its long axis. Then, the sections were stained with hematoxylin and eosin.
The inflammatory response was qualitatively evaluated by light microscope (Jenamed 2, Carl Zeiss, Jena, Germany), at 40, 100, 250 and 400 magnification by the same blind examiner. Both groups were compared at each post-operative period based on the cells type, extracellular matrix and the organization of the new formed bone tissue.
Three histological sections, one of each border of the bone defect (boundary mature compact bone and new formed bone tissue interface) and one of the middle of bone defect, were digitally captured with 40× magnification at 5 th , 7 th and 14 th post-operative days. These images were transmitted to a computer and subjected to the histomorphometric analysis by a blind examiner using Axiovision ® (Version 4.5, Bethesda, EUA.) software. The sum of the total area (µm 2 ) of the new formed bone matrix was obtained by the mean value achieved at three pre-determined microscopic fields.
Results
On the first post-surgery day, CG1 and EG1 showed a dense fibrin network embracing the inorganic bovine hydroxyapatite particles with acute inflammatory reaction containing a large number of mesenchymal, polymorphonuclear leukocytes, erythrocytes and vascular structures. Blood vessels associated with oedema formation were also observed (Fig. 1A and 1B) with presence of some mononuclear leukocytes (monocytes/macrophages).
On the third post-surgery day, the bone defect was occupied by coagulum characterized by a predominance of polymorphonuclear leukocytes and trapped in a denser fibrin network in both CG3/EG3 groups. However, the inflammatory process had lower intensity than CG1/EG1, with moderate edema volume in the lamina propria and several cells emanated from the bone marrow onto the bottom region of the cavity through a small passageway from the marrow cavity bone ( Fig. 2A and 2B) . Also, the periosteum opposite to the bone defect exhibited a notable cell proliferation.
On fifth day both groups showed a higher deposit of collagen fibers surrounding the HA particles and greater thickness of the opposite side periosteum in EG5. Also, the initial mineralization process was noticed in both groups with higher intensity of extracellular fibrillar matrix and osteoid production, which originate new immature bone (Fig. 3A and 3B ). Osteoclasts were present on the surface of the bone defects walls as well as on adjacent and more distant HA particles granules.
The new formed bone area showed no significant statistical difference between groups at the evaluated periods (P=0.695; P=0.228; P=0.576 respectively to the 5 th , 7 th and 14 th post-surgery day) (Fig. 4) . Acute inflammatory infiltrate diffused in the lamina propria, composed predominantly of neutrophils (arrows) and exudative oedema (EX). In EG1 the graft particles (GP) can be seen. obtained from deproteinized cancellous bone, which presents the advantages of unlimited quantity of material, lower surgical morbidity as it does not need a donor site, as well as osteoinductive and osteoconductive properties (15). This biomaterial is prepared by a chemical process that removes all organic material leaving an inorganic scaffold, composed of all natural bone minerals, such as hydroxyapatite, carbonate and phosphate (4,15). The histological evaluations of 1 st , 3 rd and 5 th post-surgery day exhibited osteoid production in both femur groups, corresponding to the osteoblast proliferation and natural tissue repairing period. The osteoinductive potential of hydroxyapatite showed in previous reports (4,15) was confirmed in this study by the higher deposit of collagen fibers surrounding the hydroxyapatite particles and greater thickness of the opposite side periosteum in EG3 and EG5. These characteristics are suggestive of mitotic potential and increase of the metabolic activity for a future protein synthesis, also reported by previous studies (3, 4, 16, 17) .
The particles distribution of hydroxyapatite creates a porous structure, which allows migration and binding of osteogenic cells from the host organism. Therefore, the maintenance of a space for later bone formation through the mineral scaffold enables the osteoconductive property of this material (4, 15, 16) . This was seen at EG5 histological sections, in which a new formed bone was seen among hydroxyapatite particles.
However, in early stages of bone formation, histomorphometric analysis showed no statistical differences between groups. This may be explained by the necessity of reabsorption of the graft particles before the new bone matrix is deposited without any increase of bone formation velocity. Also, there is a smaller area for new bone formation, since the graft occupies part of the defect space. In addition, the smaller bone formation in the bone defect that received xenograft bovine bone is attributable to its properties of slow reabsorption rate and high resistance. This absence of effect on mineralization of HA was also reported previously (13). Although this biomaterial does not accelerate the early stage of bone repairing, it is still useful in guided bone regeneration techniques, in which the biomaterials serves as scaffold for membranes, maintaining the space to later new bone formation (3).
The present study aimed to evaluate the early stages of bone defect repairing with hydroxyapatite graft by histological and histomorphometric analysis. The results confirmed the osteoinductive/osteoconductive properties of this grafting material; however, it does not accelerate the bone regeneration. It is possible to suggest that this biomaterial allows complete bone repairing at longer time periods, which needs further investigation to be confirmed. 
Discussion
The incorporation of bovine hydroxyapatite particles in non-critical bone defects caused several subsequent processes including: acute inflammation, formation of granulation tissue and provisional matrix. This rat model is a well established model for bone repairing studies, and it was chosen due to its easy handling and lower cost (4) despite of the bone healing in femurs differs from fresh sockets healing (15).
In order to exclude the possibility of hormonal influence, body growing or the presence of immature bone, the sample was constituted only by adult male rats. The non-critical defects were surgically created in order to evaluate the healing effects of hydroxyapatite presence with faster results (10). The removal of only one of the cortical allows the spontaneous bone regeneration by the body and the possibility to compare it to other studies.
Despite of the bone tissue has a remarkable regeneration potential to restore its original structure and mechanical properties (11, 12) , surgical techniques combining the use of bone grafts and/or biomaterials have been developed to recover the normal anatomical shape and allow functional and physiological oral rehabilitation with the use of implants and/or conventional prostheses (4, 8, 13) . Autogenous bone graft is considered as gold standard for reconstruction of bone defects (5), since there is no immunological response or rejection while it is osteoinductor and osteoconductor. However, the need of surgical intervention in other bone sites, limited graft quantity, higher morbidity and longer recovery period increase the indications to use biomaterials (5,6).
Within these grafting biomaterials, we can point out the allogenic, xenograft and alloplastic grafts (7, 14) . The bovine hydroxyapatite used in this study was a xenograft bone
